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1
SPATIAL LIGHT MODULATOR DISPLAY

The mvention relates to a spatial light modulator display, to
a liquad crystal display device and to a method for backlight-
ing a liquid crystal display. 5

BACKGROUND

Nowadays, display devices comprising liquid crystal dis-
plays become more and more important, for instance in the 19
field of electronic customer devices or the like. In such dis-
play devices the illumination and its uniformity with respect
to a liquid crystal display may be important depending on the
application scenario.

It 1s an object of the present invention to provide an optical 15
device for backlighting a liquid crystal display, a liquid crys-
tal display device, and a method for backlighting a liquid
crystal display.

The object 1s solved by an optical device, a liquid crystal
display device, and a method for backlighting a liquid crystal »g
display according to claims 1, 18, and 19, respectively.

Further details of the present invention will become appar-
ent from a consideration of the drawings and the ensuing
description.

25
BRIEF DESCRIPTION OF THE SEVERAL

VIEWS OF THE DRAWINGS

FIG. 1A 1s a schematic diagram of an embodiment of the
present invention. 30
FIG. 1B 1s a flow chart of an embodiment of a method for

backlighting a liquid crystal display.

FIGS. 2A, 2B are schematic diagrams elucidating a further
embodiment of the present invention by means of a side view
and a top view, respectively. 35

FIGS. 3A, 3B are schematic diagrams elucidating a further
embodiment of the present invention by means of a side view
and a top view, respectively.

FIGS. 4, 5 demonstrate by means of a top view the optical
path for several beams of light 1n an embodiment of the 4
present invention.

FIGS. 6A, 6B, 7A, 7B, 8A, 8B demonstrate by means of

schematical top views and side views embodiments of pos-
sible recesses.

FIGS. 8C to 8] demonstrate by means of schematical top 45
views embodiments of possible recesses.

FIGS. 9, 10 demonstrate by means of a schematic top view
a further embodiment of the present mnvention.

FIGS. 11, 12 demonstrate by means of a schematic top
view a further embodiment of the present invention. 50
FIGS. 13, 14 demonstrate by means of a schematic top
view and by means of a tabular geometrical properties of a

turther embodiment of the present invention.

FIG. 15 demonstrates by means of a schematic top view
turther geometrical properties of another embodiment of the 55
present invention.

FIGS. 16, 17 are schematic perspective views of further
optical means which may be adopted according to further
embodiments of the present invention.

FI1G. 18-24 demonstrate by means of schematic views fur- 60
ther geometrical properties of embodiments of the present
invention elucidating optical paths of several light beams.

DETAILED DESCRIPTION

63
In the following, embodiments of the present invention are
described. It 1s important to note that all described embodi-

2

ments and the technical features may be combined in any way.
There 1s no limitation with respect to the combination of
certain described embodiments and the techmical features
with respect to other embodiments or technical features.

FIG. 1A shows an optical device 1 and a liquid crystal
display 50. Optical device 1 may also be referred to as an
1lluminator or 1llumination unit for backlighting liquid crystal
display 50 or as a spatial light modulator display. FIG. 1A
turther shows an optical element 10 that may be referred to as
primary optics. The mentioned light guide 30 may be referred
to as a light re-distributing and re-directing means. The men-
tioned second optical element 40 may be referred to as a
second light re-distributing and re-directing means. The light
.1 which 1s generated and emitted by a light source 20 may be
referred to as primary light, primary i1llumination light or light
of a first kind. Said first part of said light .1 may be referred
to as secondary light .2 or as light of a second kind .2. Said
second part of said light L1 may be referred to as tertiary
illumination light L.3 or as light of a third kind L3.

FIG. 1A shows an optical device 1 for backlighting a liquid
crystal display 50. The optical device comprises an optical
clement 10 which 1s designed in order to recerve light L1 and
to transmit a first part of said light L1 towards said liquid
crystal display 50. Said recerved light .1 has a first light
distribution. Said first part of said light L1 has or 1s formed to
have a second light distribution. Said second light distribution
1s designed to be more uniform than said first light distribu-
tion. Therefore, said optical element 10 includes a material
body 10" and at least one recess 12 which 1s formed in said
material body 10' and which 1s configured to determine said
second light distribution based on a redistribution of said first
light distribution of said first part of said light 1.

In order to adapt the second light distribution, said redis-
tribution of said first light distribution may be made depen-
dent on certain interaction processes, €.g. on refraction,
reflection, and/or total internal retlection of said light L1 at
interfaces between said material body 10" and said atleast one
recesses 12.

Said material body 10" may therefore be located before said
light mput interface 30i.

A single or a plurality of recesses 12 may be provided. The
recesses 12 may be formed as a prism. Said recesses 12 may
have a triangular or other closed polygonal shape, 1.e. base or
base face having a respective a triangular or other closed
polygonal shape.

The recesses may have certain compositions from the
material point of view. Said recesses 12 may be evacuated,
may be filled with a gas, or may be filled with a material which
1s at least partly transparent to said light L1 and which has a
refraction index n,___ .. which 1s below the refraction mndex
N, 01 the material body 10".

The one or plurality of recesses may be positioned differ-
ently with respect to said material body 10' of said optical
clement 10 or said primary optics 10, e.g. with respect to an
upper surface 10a and a lower surface 106 of said material
body 10'. Said recess 12 may be formed as a groove on at least
one of said upper and lower surfaces 10a, 105, as a recess
extending between said upper and lower surfaces 10a, 105, as
a recess 1n the interior of said material body 10' spatially
separated from said upper and lower surfaces 10a, 105. At
least one recess may be formed as a Fresnel block 121,

The material body 10" as such may also have different
forms, e.g. a form 1n square or trapezoidal shape.

Thus, 1n FIG. 1A an optical device 1 for backlighting a
liquid crystal display 50 1s shown. The optical device 1 com-
prises an optical element 10. The optical element 10 receives
light L1 as light of a first kind or as primary i1llumination light.
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Said light L1 1rradiates the optical element 10 and its material
body 10'. In addition, the optical element 10 also comprises at
least one recess 12. The recess 12 1s formed 1n said material
body 10'. The recerved light L1 has a certain light distribution.
Via mteraction of said light .1 with the material body 10" and
said at least one recess 12 at least a part of said recerved light
L1 1s modified with respect to its light distribution and trans-
mitted to said liqud crystal display 50, namely as light of a
second kind or secondary illumination light L.2. Said at least
one recess 12 may be formed 1n said material body 10" and 1s
configured to determined the light distribution of the second-
ary 1llumination light .2, namely of the light directed towards
the liquid crystal display 50, based on a redistribution of the
light distribution of the mmcoming light.

As shown 1n FIG. 1B a method for backlighting a liquad
crystal display 50 may comprise a step S1 of recerving light
L1 having a first light distributing and a step S2 of transmut-
ting a first part of said light .1 towards said liquid crystal
display 50.

In an embodiment of such a method, an optical element 10
may be used which 1s designed 1n order to recerve said light
L1 and to transmuit said first part of said light L1 towards said
liquid crystal display 50. The optical element 10 may be
designed as described above or below.

FIG. 1B, thus, shows a method for backlighting a liquid
crystal display 50. In the first step S1 light L1 1s recerved. Said
received light L1 1s then in step S2 transmitted towards a
liquad crystal display 50. In this embodiment of a method for
backlighting a liquid crystal display 50 an optical element 10
1s used which 1s adapted 1n order to recerve said light .1 and
to transmit a first part of said light L1 towards said liquid
crystal display 50. Said light L1 has a first light distribution
and said first part of said light L1 1s designed to have a second
light distribution, which 1s more uniform than said first light
distribution. By using an optical element 10 which has a
material body 10" and at least one recess 12 said second light
distribution 1s determined and formed based on a redistribu-
tion of said first light distribution of said first part of said light
L1.

As shown m FIGS. 2A and 2B, according to a further
embodiment of the present invention a light guide 30 may be
provided which has a light input interface 30; and a light
output interface 30o0. Said light guide 30 1s configured to
receive said first part of said light L1 through said light input
interface 30 and to transmit a second part of said light
[L1—which1s a part of said first part of said light L1—towards
said liquid crystal display 50 through said light output inter-
tace 30o.

A light source 20 configured to generate said light L1 may
be provided. Then, said optical element 10 may be configured
to receive said light L1 from said light source 20 and to
illuminate said liquid crystal display 350. Said light source
(20) may comprise at least one of light emitting diode.

FIGS. 2A and 2B, thus, demonstrate by means of a sche-
matic side view and a schematic top view, respectively, an
embodiment of the optical device 1 for backlighting a liquid
crystal display 50. According to this embodiment, a light
guide 30 1s provided having a light input interface 307 and a
light output interface 300. The primary optics represented by
said optical element 10 comprises a plurality of recesses 12
forming an arrangement or assembly 11 of recesses 12. In
addition a light source 20 1s shown. The light source 20 as well
as the liquid crystal display 50 may be controlled by means of
a controlling unit 60 and via control lines 61 and 62, respec-
tively.

As shown in FIG. 3 (FIGS. 3A and 3B), an additional
second optical element 40 may be provided, which 1s config-
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4

ured 1n order to enhance the brightness or to make uniform the
light distribution of received light.

The embodiment shown 1n FIGS. 3A and 3B comprises as
secondary optics a second optical element 40 which recerves
the light transmitted by the light guide 30 towards the liquid
crystal display S0 for intermediate processing or interaction
in order to enhance the brightness and improve the uniformaity
of the light distribution before i1lluminating the liquid crystal
display 50.

FIGS. 4 and 5 demonstrate by means of schematic top
views the interaction of rays of light or of light beams at
interfaces of the recesses 12 within the material body 10' of
the primary optics or optical element 10.

FIG. 4 therefore demonstrates optical paths of rays of light
which are reflected at interfaces between the material body
10" and the recesses 12 or the exterior environment of the
optical device 1.

FIG. 5 demonstrates the influence of the paths of rays of
light by means of refraction at interfaces between the material
body 10' of the optical element 10 and the recesses 12 formed
therein.

FIGS. 6A,6B,7A, 7B, 8A and 8B demonstrate by means of
schematic top views (A) and by means of schematic side
views (B) different embodiments for recesses 12 formed in
the material body 10' of the optical element 10.

FIG. 6 therefore shows a recess 12 formed as a so-called
punch-through section or go-through prism which extends
from an upper face 10a to a lower face 106 of the material
body 10"

FIG. 7 demonstrates a recess 12 as a groove formed on the
upper face 10q of the material body 10', namely as a groove
prism.

In FIGS. 8A and 8B, the recess 12 1s formed as a combi-
nation of two single recesses formed as groove prisms oOr as
grooves on the surtfaces 10a and 105 of the material body 10
of the optical element 10.

FIGS. 8C to 8] demonstrate by means of schematical top
views embodiments of possible recesses 12 as well as their
positions on or i said material body 10' of the optical element

10 with respect to a light input face 107 and a light output face
100 thereof.

In the embodiments of FIGS. 8C to 8F triangular prisms are
employed, either essentially or completely separated from the
light input face 10i and the light output face 100 of the optical
clement 10 as shown 1n FIGS. 8C and 8E or in the vicinity of
the optical element’s 10 boundary, e.g. the light input face 10;
thereot, as shown 1n FIGS. 8D and 8F. In FIGS. 8C and 8D a
corner of the triangle of the prism 1s directed to the light input
face 10i. In FIGS. 8E and 8F an edge (si1de face) of the triangle
of the prism 1s directed to the light mnput face 10;.

FIGS. 8G to 8] show further possible shapes of recesses 12
having the shape of a part, a section, an intersection, or a
segment of a circle.

In each case, the recesses 12 may be essentially or com-
pletely spatially separated from the material body’s 10
boundaries. The recesses may be connected or 1n the vicinity
or even partly integrated in at least one boundary of the
material body 10, e.g. the light input face 107 and or the light
output face 100 thereof.

FIGS. 9,10 and 11, 12 demonstrate more details of further
embodiments of optical devices 1 for backlighting a liquid
crystal display 50 comprising 1n each case an optical element
10 as primary optics and a light guide 30. Each material body
10' of arespective optical element 10 comprises the variety of
recesses 12 formed in the material body 10' of the optical
clement 10 as an arrangement 11 of recesses 12.
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FIGS. 9 and 11 purely demonstrate the geometrical rela-
tionship, whereas FIGS. 10 and 12 demonstrate the optical
paths for different rays of light emitted by and received from
a provided light source 20.

FIGS. 13 and 14 show another embodiment of an optical
device 1 for backlighting a liquid crystal display 50. Here, 1n
FIG. 13, the geometric relationship between the matenal
body 10' and the provided recesses 12, formed as several
sections within the material body 10 are demonstrated 1n a
coordinate representation, where the points of the wedges are
emphasized.

FI1G. 14 gives the coordinates for the vertices or corners for
the coordinate representation shown in FIG. 13.

FIG. 15 shows further geometrical parameters L and d
which can be taken into account when designing embodi-
ments of the optical device 10 for backlighting a liquid crystal
display 50. L denotes the distance between a plurality of light
sources 20 provided, and d denotes the thickness of the opti-
cal element 10 of the primary optics.

FIGS. 16 and 17 show combinations of a light guide 30
with additional measures 1n the form of a second optical
clement 40 which may be taken ito account in order to
turther enhance the brightness and increase the uniformity of
the light.

In the embodiments shown in FIGS. 16 and 17, the light
guide 30 comprises at a face opposing the light output face
300 an out-coupling p-structure which 1s adapted for enhanc-
ing the retlection of light towards the light output face 300 of
the light guide 30.

The second optical element 40 1n each of the cases shown
in FIGS. 16, 17 comprises a reflective sheet below the out-
coupling p-structure and a diffusing sheet above the light
output interface 30o.

In the embodiment of FIG. 16 between the light output
interface 300 and the diffuser sheet said second optical ele-
ment 40 comprises {irst and second brightness enhancement
films. The embodiment shown 1n FIG. 17 comprises between
the light output interface 300 and the diffuser sheet a cylinder
array for the light guide and a reverse prism sheet which are
both configured to further redistribute the light directed to the
liquad crystal display 50.

FIGS. 18 to 23 demonstrate diflerent measures which may
be taken 1n order to influence the optical path for different rays
of light within the light guide 30 by means of processes of
reflection and refraction.

These and further aspects of embodiments of the present
invention will also be elucidated by taking into account the
tollowing description:

According to a further embodiment of the present inven-
tion a thin i1lluminator for uniform display backlighting 1s
provided.

The requirements of display backlighting are increasing in
compactness, optical performance, uniformity etficiency, and
cost point of view. Inter alia, an 1nnovative optics 1s proposed
which couples the light emitted by the LED into the light
guide without producing any apparent bright spot.

As explained in FIG. 17, one aspect 1s to avoid bright spots
produced by the cylinders 1n the reverse prism configuration.
Moreover, compactness and manufacturing constraints need
to be respected.

Here 1s a summary of the possible opto mechanical require-
ments which may depend on the application scenario:

Uniform light distribution inside the light guide at the
entrance of the display active region,

Narrow propagation angular spectrum inside light guide at
the entrance of the display active region,
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6

Short primary optics (typically 4:1 ratio between the LED
pitch L and the LED to display active area distance d).

According to FIGS. 4 and 5, a primary optics made of a
light guide pre-section may be used which 1s hollowed out
with air holes having a prismatic shape. The surface of these
air holes deviate the light by either refraction or total internal
reflection (TIR). By using an adequate configuration, the
holes can redirect the light coming from the LEDs and
achieve a uniform distribution at the entrance of the active
area of the display, as well as provide a collimated angular
spectrum.

FIG. 4 1llustrates aspects of a further embodiment of the
present invention. The (red) rays r coming from the source are
reflected by the air prism and distributed along the entry
section of the screen active region.

However, 1t should be noted that in FIG. 4, rays r are
perpendicular to the LED. Inreality, mostto the LEDs have an
angular emission spectrum which 1s close to Lambertian. In
this case, part of the rays do not meet the air prisms under the
TIR condition and are deviated by refraction instead of retlec-
tion. This phenomenon 1s illustrated by ray b of FIG. 5.

It should be noted that in certain embodiments of the
present invention it 1s only the combination of TIR and refrac-
tion that allows having light all along the entry cross section
of the display active area. For instance, 11 TIR was the work-
ing principle in the concept, there would be no light behind
the prisms, resulting in dark regions 1n the display.

According to FIGS. 6 to 8, a further design parameter used
to control the light distribution may be the modulation of the
prism depth. The prisms can either be holes (go through), or
grooves. Depending on the prism locations, grooves can also
be useful to relax manufacturing constraints (1.e. plastic tlow
during injection molding).

As already mentioned, one goal of certain embodiments of
the present invention may be to control the directivity of the
rays and the unmiformity distribution at the entrance of the light
guide active area. The angular spectrum and uniformity con-
straints are application dependent. The LED pitch and the
LED to display active area distance vary for each configura-
tion. Therefore each application will have 1ts own design,
whose layout may vary considerably.

FIGS. 9 to 12 illustrate two different design architectures
which achieve a good uniformity and angular distribution for
a4:1 L/D ratio. Only the section corresponding to one LED 1s
shown.

For 1llustration of the working principle, the right figures
shows the optical path of three different bundle of rays.

In addition to the provision of the optical element 10 as
mentioned above, for the backlighting of liquid crystal dis-
plays—e.g. when using light emitting diodes or LEDs and
light guides—two basic configurations for a second optical
clement 40—with some variations—can be applied. These
two configurations are shown 1 FIGS. 16 and 17. Again, 1t
should be noticed, that the provision of said second optical
clement 40 1s only an additional measure to further enhance
brightness and to increase uniformity.

Backlighting using two brightness enhancement films
(BEF):
This configuration for a second optical element 40 1s shown

in the embodiment of FIG. 16. The function of the different
constitutive components 1s summarized as follows:

1. The reflective sheet recycles the rays which are leaving
the light guide through the bottom face.

2.a) The light gmide body guides and/or transports the light
by total internal reflection (TIR).
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2.b) The out coupling u-structures break the TIR and
couple part of the rays out of the guide. These are the
rays contributing to the illumination of the display.

3. Brightness enhancements films (BEFs) are used to direct
the light toward the desired 1llumination angle. These
f1lms consists of an array of one dimensional prisms. In
order to have a full control the cone of 1llumination, two

cross BEFs may be generally used.
4. A diffuser sheet 1s used to increase the uniformity and
eventually fine tune the angle of the 1llumination cone.
The BEF based configuration provides good uniformity
and good control of the 1llumination cone. However, the use
of two BEF's sheets makes this approach relatively expensive.

Backlighting using one reverse prism sheet:

This configuration for a second optical element 40 1s shown
in the embodiment of FIG. 17. The function of the different
constitutive components 1s summarized here after:

1. The reflective sheet recycles the rays which are leaving

the light guide through the bottom face.

2.a) The light guide body guides/transports the light by
total internal reflection (TIR).

2.b) The out coupling p-structures break the TIR and
couple part of the rays out of the guide. These are the
rays contributing to the illumination of the display.

2.¢) The cylinder array on top of the light guide spreads the
rays along the perpendicular direction of the cylinders.
This allows the control of the 1llumination cone vs. one
direction.

3. A reverse prisms sheet redirects the ray towards the main
direction of illumination. The control of the 1llumination
cone depends on the radius of curvature of the cylinder
sheet (2¢) and the prism angles of the reverse prism sheet
(3).

4. A diffuser sheet 1s used to increase the uniformity and
eventually fine tune the angle of the 1llumination cone.

The reverse prism configuration uses one prism sheet when
compared with the two prism sheets of the (BEF) configura-
tion. This may be a decisive cost advantage for many appli-
cations. Moreover, the reverse prism configuration may have
a better optical efficiency that the BEF configuration (e.g.
important for battery driven devices).

As the second optical element 40 1s an additional measure,
the following elucidates aspects of embodiments of the inven-
tion, which are also described 1n FIGS. 18 to 23:

In case of the BEF configuration, the illumination unifor-
mity 1s controlled by the type and spatial distribution of the
light guide out coupling 1-structures. The control of the obser-
vation angle 1s done by the BEFs and the diffuser. The control
of the umiformity and observation angle are clearly separated
functions.

In case of the reverse prism configuration, the cylinders on
top of the light guide do not only change the direction of the
out coupled rays (wished efifect), but also act on the out
coupling. As the out coupling 1s produced by both, the light
guide out coupling u-structures (26) and the light guide cyl-
inders (2¢), the uniformity of the i1llumination 1s difficult to
control for all viewing conditions (all viewing angles). For
example, bright/hot spots are observed close to the LEDs
when observing the screen under oblique conditions.

The out coupling mechanisms are discussed as follows:

A) FIG. 18: In a parallelepiped (without p-structures) light
guide, the light 1s guided by total internal reflection. No
light 1s coupled out, so no backlighting function is per-
formed.

B) FIG. 19: Illumination by the out coupling p-structures
(2a). In this case, the propagation angle 1s modified by the
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u-structures until the TIR condition 1s not fulfilled and the
rays are coupled out of the light guide.

C) FIGS. 20-23: Out coupling by the cylinders array (2¢). In

case of cylinders, the (not desired) out coupling happens
with the skew rays which may have an angle of incidence
on the cylinder surface which 1s bigger than the TIR con-
dition. Note that all rays meeting the cylinder surface
change their direction of propagation. As a consequence,
even rays under the TIR condition at one point may be out
coupled after meeting the cylinders a few time (they
become skew rays).

It should be noted that in the case of backlighting using
LEDs, the direction of the rays 1s not uniformly distributed
along the entry cross-section of the light guide. This non
uniform angular distribution results 1n a non umform out
coupling by the cylinders, resulting 1n a non uniform lighting
distribution. In other words this produces bright spots (also
called hot spots) close to the LED:s.

FIG. 24 shows two diflerent angular spectra depending on
the location. The large spectrum b will create a hot spot as the
oblique rays are partially out coupled by the cylinder array.
Thenarrow spectrum r propagates without creating a hot spot.

Embodiments of the present invention contribute to mini-
mize or suppress the hot spots by reducing the angular spec-
trum of the rays propagating along the light pipe. This 1s
achieved by an novative optical architecture placed
between the LEDs and the screen active region.

Further aspects and/or possible advantages (depending on
the application scenario) are:

the fact that the control of uniformity and propagation

angular spectrum 1s done on a short distance when com-
pared to the LED pitch (typically 4:1 aspect ratio),

the fact that the primary optics can be manufactured with

the light guide as a single block, and

the fact that the ray deviation 1s done by TIR and refraction.

No retlective coating 1s needed.

The invention claimed 1s:

1. A spatial light modulator display, comprising:

an optical element configured to recerve light and to trans-
mit a first part of said light towards said liquid crystal
display, said first part corresponds to at least a part of
said light, said light has a first light distribution and said
first part of said light has a second light distribution, said
second light distribution 1s more uniform than said first
light distribution,

said optical element including
a material body, and

at least one recess formed in said material body and
configured to determine said second light distribution
based on a redistribution of said first light distribution,
said redistribution depends on refraction and retlec-
tion of said light at interfaces between said material
body and said at least one recess.

2. The spatial light modulator display according to claim 1,

turther comprising:

a light guide including a light input interface and a light
output interface, said light guide 1s configured to receive
said first part of said light through said light input inter-
face and to transmit a second part of said light towards
said liquid crystal display through said light output inter-
face, said second part corresponds to at least a part of
said first part of said light.

3. The spatial light modulator display according to claim 2,
wherein said material body 1s located before said light input
interface.
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4. The spatial light modulator display according to claim 1,
wherein reflection of said light comprises total internal reflec-
tion of said light at said interfaces.

5. The spatial light modulator display according to claim 1,
wherein said at least one recess 1s formed as a prism.

6. The spatial light modulator display according to claim 1,
wherein said at least one recess has a triangular or other
polygonal shape.

7. The spatial light modulator display according to claim 1,
wherein said at least one recess 1s evacuated.

8. The spatial light modulator display according to claim 1,
wherein said at least one recess 1s filled with a gas.

9. The spatial light modulator display according to claim 1,
wherein said at least one recess 1s filled with a material which
1s at least partly transparent to said light and which has a
refraction index which 1s below a refraction index of the
material body.

10. Optical device according to claim 1, wherein said mate-
rial body has an upper surface and a lower surface and said at
least one recess 1s formed as a groove on at least one of said
upper and lower surfaces.

11. The spatial light modulator display according to claim
1, wherein said material body has an upper surface and a
lower surface, and said at least one recess 1s formed as arecess
extending between said upper and lower surfaces.

12. The spatial light modulator display according to claim
1, wherein said maternial body has an upper surface and a
lower surface, and said at least one recess 1s formed as arecess
in the interior of said matenial body spatially separated from
said upper and lower surfaces.

13. The spatial light modulator display according to claim
1, wherein said material body has a square or trapezoidal
shape.

14. The spatial light modulator display according to claim
1, further comprising;:

a recess which 1s formed as a Fresnel block.

15. The spatial light modulator display according to claim
1, further comprising;:

a liquad crystal display, and

a light source (20) configured to generate said light, and

wherein

said optical element 1s further configured to recerve said

light from said light source (20) and to i1lluminate said
liquid crystal display.

16. The spatial light modulator display according to claim
15, wherein said light source comprises at least one of light
emitting diode.
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17. The spatial light modulator display according to claim
15, further comprising;:

a second optical element configured to enhance the bright-
ness or to make uniform the light distribution of recerved
light.

18. A liquid crystal display device, comprising:

a liquad crystal display;

a light source (20) configured to generate light; and

an optical device including an optical element, said optical
clement 1s configured to recerve said light and to trans-
mit a first part of said light towards said liquid crystal
display, said first part corresponds to at least a part of
said light, said light has a first light distribution and said
first part of said light has a second light distribution, said
second light distribution 1s more uniform than said first
light distribution,

said optical element including

a material body, and

at least one recess formed in said material body and con-
figured to determine said second light distribution based
on a redistribution of said first light distribution, said
redistribution depends on refraction and reflection of
said light at interfaces between said material body and
said at least one recess.

19. A method for backlighting a liqud crystal display,
comprising;
recerving light having a first light distribution;

transmitting a first part of said light towards said liquid
crystal display,

recerving said light at an optical element; and

transmitting said first part of said light towards said liquid
crystal display, said first part corresponding to at least a
part of said light, said light having a first light distribu-
tion and said first part of said light having a second light
distribution, said second light distribution being more
uniform than said first light distribution, said optical
clement including a material body;

forming at least one recess 1n said material body for deter-
mining said second light distribution based on a redis-
tribution of said first light distribution, said redistribu-
tion depending on refraction and reflection of said light
at interfaces between said material body and said at least
ONE recess.
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